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A paper  showing  that  no  simple  relationship  exists  between  the  values  of  adiabatic 
^ exponents  and  specific,  latent  or  total  heats.  Algebraic  and  graphical  methods  of  determi- 
nation  are  used.  Tables  of  average  and  instantaneous  values  of  n , with  their  corresponding 
sheets  of  curves,  are  given  for  steam,  carbon  disulphide,  ether,  carbon  tetrachloride  and 
acetone.  Surfaces  having  instantaneous  exponent,  pressure  and  quality  values  on  co 
ordinate  axes  are  shown. — The  Editor. 


It  was  found  by  Rankine  that  the  law  of  adiabatic  ex- 
pansion of  steam  was  approximately  represented  by  pv n = c , 


and  gave  10/9  as  the  value  of  n.  A series  of  pressures 


with  their  corresponding  volumes  were  chosen,  and  the 
final  pressures  with  their  volumes  obtained.  These  values 
were  inserted  in  the  formula  : 


n = (log.  — log.  /2)  h-  (log.  v2  — log.  t/,). 


or 


The  several  results  were  averaged,  and  the  number  given 
above  for  steam  was  obtained.  This  value  of  n is  only  an 
average  exponent ; if  from  pv n = c the  curve  be  drawn,  it 
will  intersect  the  ideal  expansion  line  in  two  points,  and  will 
differ  at  all  others. 

As  the  exponent  varies  for  different  ranges  of  expansion 
on  the  adiabatic,  it  is  desirable  that  the  instantaneous  val- 
ues of  n for  a number  of  equal  intervals  of  pressure  be  de- 
termined. Since 


c 


whence 


log.  p = n log.  v 
dp  / p = n dv  / v 
dp  / dv  -T-  p / v = n. 
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Method  of  obtaining  the  slope  dp / dv : 
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Suppose  it  is  desired  to  find  dv /dp  at  p4.  Beginning  at 
v4,  the  first,  second  and  third  differences  are  a3,  b2  and  cY 
along  the  line  with  an  upward  trend  to  the  right,  and  in  the 
downward  direction  are  respectively  a4,  b4  and  c4.  Let  the 
differences  between  A and  p6,  p6  and  p5l  etc.,  be  denoted  by 
m,  then 

m dv/ dp  = as  -f  1/2  (b2)  + 1/3  (ct) 
and  a4—  1/2  (b4)  + 1/3  fa)» 

both  series  being  continued  till  an  order  of  differences  is 
reached  that  vanishes.  Then 


2 m dv/ dp  = (as  + a4)  — 1 / 2 (b4  — b2)  — 1 / 3 (c4  + c}), 

etc.  The  first,  second  and  third  approximations  are  the 
first  quantity — the  first  two  and  the  first  three. 

The  proper  second  approximation  is  : 

2 m dv /dp  = (a3  -j-  a4)  — 1/6  (b4  — b2). 

This  would  be  exact  if  v were  expressed  by  equation : 

v = ap  - J-  bp*1  + cpz  -f  dpx. 

The  second  equation  above  is  obtained  by  using  Taylor’s 
formula : . 

X2  X (x2  1 ) X2  (x2 I ) , 

Ux  — U0  + xa0  -f  “ ^0  T ^ C0  4"  ^ a°’ 

differentiating  with  regard  to  x and  putting  x = o : 
du  / dx o = aQ  — 1 / 6 c0  -{-  1 / 30  e0,  etc. 


3 


Since  only  two  differences  can  be  obtained  that  are  suffi- 
ciently accurate  for  use,  it  is  not  worth  while  to  consider 


Fig.  i. 


Fig.  3. 

the  third  approximation.  So,  if  from  the  adiabatics,  Figs. 
4,  5,  6 and  7,  a table  be  constructed  of  pressures,  volumes, 
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first  and  second  differences,  the  values  of  dv /dp  may  be 
obtained.  Taking  the  reciprocal  of  dv  / dp  and  substituting 
in  the  formula  dp  / dv  p/v  = n,  the  instantaneous  values 
of  the  exponent  may  be  found. 


Graphical  Methods. — In  Fig.  i let  c be  the  point  on  the 
adiabatic  for  which  the  exponent  is  desired.  Take  value 
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cf(==  oa).  Place  a straight  edge  tangent  at  c,  and  read  ob9 
then  oa  -r-  (ob  — ab)  — n ; for  since 

n ==  dy / dx  y / x — ca  / ab  ca  / oa  = oa  / ab  — n. 

NOTE. — Even  with  extreme  care  in  drawing  tangent  cb  the  error  in  the 
value  of  n may  be  as  much  as  io  per  cent. 


To  obtain  an  average  value  of  n. — Fig.  2 — On  the  V axis  of 
logarithmic  cross-section  paper  lay  off  of  pl  and  p2  from  0. 
On  the  X axis  do  likewise  for  vx  and  v2.  On  either  axis  lay 
off  px  - p2  and  and  v2-vx  from  O.  Take  difference  - 
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(v2  vx)  with  a pair  of  compasses  and  determine  the  exponent 
by  measuring  from  O and  reading  the  number  corresponding. 

It  has  just  been  stated  that  Rankine’s  value  of  n for  adi- 
abatic expansion  of  steam  was  10/9,  or  i*ii.  This  wa's 


later  pointed  out  by  Grashof  to  be  too  small,  but  ^as  true 
for  initial  dryness  fraction  of  between  75  and  80  per  cent. 
76  per  cent.,  that  is,  for  a definite  mixture  of  steam  and 
water,  and  that  for  expansion  from  an  initial  state  of  per- 
fect dryness,  n = 1.14. 
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Zeuner  made  calculations,  using  initial  pressures  of  4,  2 
and  1 atmospheres,  and  final  pressures  of  2,  1 and  5 / 10,  1 
and  5/ 10, * and  5/10  atmospheres,  obtaining  the  following 
exponents : 


IBS 


x = 100  per  cent.  n = 1*135 
x = go  “ n — 1*125 

x = 80  “ n = 1-115 

x = jo  “ n = 1*103 

and  finds  that  for  adiabatic  expansion  of  steam  whose  dry- 
ness fraction  is  between  100  per  cent,  and  70  per  cent.,  that 
the  value  of  the  exponent  is  fairly  represented  by 
n 1*035  4-  x / 10. 


Exponents  for  Adiabatic  Expansion . Average  Values  of  for  Initial  Qualities  oj 
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The  exponent  n is  practically  constant  in  the  60  per  cent,  column. 
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Exponents  for  Adiabatic  Externum,  Average  Values  of"n"/or  Initial  Qualities  Oj 


Exponents  for  Adiabatic  Expansion.  Average  Values  of  “ n ” for  Initia.  Qualities  oj 


12 


13 


The  tabulated  values  of  n\  in  the  preceding,  were  com- 
puted from  a well-known  steam  table  with  Vega’s  logarithms 
and  are  essentially  the  averages  from  ioo  to  70  per  cent., 
inclusive,  as  found  by  Zeuner.  It  is  seen  that  as  ^ decreases, 
n decreases.  For  100,  90,  and  80  per  cent,  qualities  at  the 
several  pressures  n decreases ; for  60  per  cent,  and  below  it 
increases.  At  70  per  cent.,  n is  practically  constant.  When 
the  curves  are  plotted,  as  in  Fig.  9,  a crossing  of  each  other 
is  noticed.  This  cannot  be  said  of  carbon  di-sulphide,  ace- 


Fig.  8. 

tone,  ether,  or  carbon  tetrachlorides.  Ammonia  and  some 
of  the  other  vapors  have  not  been  considered  on  account  of 
lack  of  experimental  data  for  specific  heats  of  the  liquids. 
Alcohol  was  omitted  because  of  the  fact  that  dissociation 
takes  place  during  evaporation. 

The  hyperbola,  which  is  used  quite  largely  as  a curve  for 
comparison  with  the  expansion  curve  on  an  indicator  dia- 
gram, would  not  be  traced  by  the  indicator  pencil,  true 


Fig.  9. 


Fig.  io. — Note. — The  characteristics  of  log  n as  plotted  have  been  increased 

by  unity. 
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adiabatic  expansion  taking  place,  until  the  quality  was 
reduced  to  31  or  32  per  cent. ; practically  two-thirds  of  the 
weight  of  steam  having  condensed. 

The  lower  parts  of  the  preceding  five  tables  give  instan- 
taneous values  of  n.  The  variation  between  these  values 
and  the  average  values  above  are  quite  noticeable. 

In  Figs.  4,  5,  6 and  7,  the  sets  of  large  curves  at  the  left 
are  the  adiabatics  and  those  at  the  right,  marked  B,  are 
their  evolutes.  Referring  to  the  central  diagrams,  those 
curves  which  diverge  upwards,  C , give  instantaneous  expo- 
nent values  for  the  different  pressures  along  the  several 
adiabatics,  so  marked  from  initial  qualities.  The  other  sets 
of  curves,  D , to  the  same  axe&,  show  the  instantaneous  values 
of  n for  any  given  pressure,  across  the  several  adiabatics. 
Since  these  diagrams  have  three  sets  of  variables,  solids 
may  be  formed  which  will  give  the  instantaneous  value  of 
n for  any  given  pressure  and  dryness  fraction.  The  photo- 
graph, Fig.  8,  is  that  of  the  five  solids  so  obtained.  Begin- 
ning at  the  top  and  reading  to  the  right  are  those  of  steam, 
carbon  disulphide,  ether,  acetone  and  carbon  tetrachloride. 
Their  similarity  of  figure  is  quite  noticeable.  If  horizontal 
planes  be  passed  through  the  surfaces,  the  lines  of  intersec- 
tion are  the  curves  D and  C in  the  plates  just  described. 
Planes  giving  curves  marked  D,  are  those  made  by  the  XV 
planes  passed  through  the  surface,  as  shown  in  Fig.  j. 

It  was  hoped  that  some  general  expression  might  be 
obtained  which  would  give  the  exponents  for  adiabatic 
expansion  for  any  vapor  at  any  pressure  with  any  given 
quality  modification.  It  is  seen  that  the  curves  D , Figs.  4, 
5,  6 and  7,  are  not  coincident,  hence  any  expression  that 
might  be  obtained  would  be  too  cumbersome  to  be  of  any 
practical  use.  Fig.  9 shows  that  the  average  values  of  n 
do  not  form  coincident  curves.  In  the  following  Fig.  /o, where 
their  logarithmic  values  are  plotted,  it  is  seen  that  while 
the  curves  are  not  coincident  they  form  almost  straight  lines 
to  60  per  cent,  quality;  that  is,  any  given  curve  representing 
the  varying  exponential  values  at  a given  pressure,  is  almost 
logarithmic.  That  being  the  case, 

n = (x  / cf 
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If  now  an  expression  for  the  ioo  per  cent,  initial  quality- 
line of  C,  of  the  preceding  Figs.  4.,  5,  6 and  7,  be  obtained, 
which  would  give  the  value  a at  any  given  pressure,  then  n 
for  a limited  range  becomes  known. 

It  may  be  further  said,  upon  comparing  exponents  for 
any  given  temperature,  or  any  given  pressure  for  the  several 
vapors,  or  for  any  given  range  of  pressure  of  the  several 
vapors,  it  was  found  that  there  was  no  direct  relationship 
between  those  values  of  n and  latent,  total,  or  specific  heats. 


